We suppose that p = 2 α 3 β + 1, where α ≥ 1, β ≥ 0, and p ≥ 7 is a prime number. Then we prove that the simple groups A n ,
Introduction.
Let G be a finite group. We denote by π(G) the set of all prime divisors of |G|. We construct the prime graph of G as follows. The prime graph Γ (G) of a group G is the graph whose vertex set is π(G), and two distinct primes p and q are joined by an edge (we write p ∼ q) if and only if G contains an element of order pq. Let t(G) be the number of connected components of Γ (G) and let π 1 ,π 2 ,...,π t(G) be the connected components of Γ (G). If 2 ∈ π(G), then we always suppose that 2 ∈ π 1 . Now |G| can be expressed as a product of coprime positive integers m i , i = 1, 2,...,t(G), where π(m i ) = π i . These integers are called the order components of G. The set of order components of G will be denoted by OC(G). Also we call m 2 ,...,m t(G) the odd-order components of G. The order components of non-abelian simple groups having at least three prime graph components are obtained by Chen [7, Tables 1, 2, 3] . Similarly, the order components of nonabelian simple groups with two-order components can be obtained by using the tables in [18, 28] .
The following groups are uniquely determined by their order components: Suzuki-Ree groups [6] , Sporadic simple groups [4] , PSL 2 (q) [7] , E 8 (q) [2] , G 2 (q), where q ≡ 0(mod 3) [3] , F 4 (q), where q is even [15] , PSL 3 (q) , where q is an odd prime power [14] , PSL 3 (q) , where q = 2 n [13] , PSU 3 (q) , where q > 5 [16] , and A p , where p and p − 2 are primes [12] . It was proved by Oyama [20] that a finite group which has the same table of characters as an alternating group A n is isomorphic to A n . It was also proved by Koike [17] that a finite group which has the isomorphic subgroup-lattice as an alternating group A n is isomorphic to A n .
Let π e (G) denote the set of orders of elements in G. Shi and Bi [27] proved that if π e (G) = π e (A n ) and |G| = |A n |, then G A n . Iranmanesh and Alavi [12] proved that if p and p − 2 are primes and OC(G) = OC(A p ), then G A p . Praeger and Shi [21] and Shi and Bi [26] proved that A 8 , A 9 , A 11 , A 13 , S 7 , and S 8 are characterizable by their element orders. Also recently, Kondrat'ev and Mazurov [19] and Zavarnitsin [29] proved that if π e (G) = π e (A n ), where n = s, s + 1,s + 2 and s is a prime number, then G A n . Now we prove the following theorems. In this paper, all groups are finite and by simple groups we mean non-abelian simple groups. All further unexplained notations are standard and we refer, for example, to [10] . Also frequently we use the results of Williams [28] and Kondrat'ev [18] about the prime graph of simple groups.
Preliminary results
Remark 2.1. Let N be a normal subgroup of G and p ∼ q in Γ (G/N). Then p ∼ q in Γ (G). In fact if xN ∈ G/N has order pq, then there is a power of x which has order pq. Definition 2.2 (see [11] 
Lemma 2.10. Let G be a finite group and let M be a non-abelian finite group with t(M) = 2 satisfying OC(G) = OC(M).
( 
Proof. The proof of (1) follows from the above lemmas. 
37
A 37 , A 38 , A 39 ; J 4 , Ly; L 2 (q), q = 37 n , 2.37 n − 1 which is a prime, n ≥ 1, Lemma 2.12 (see [9] ). Let p be a prime and p = 2 α 3 β + 1, α ≥ 0 and β ≥ 0.
Then any finite simple C pp group is given by 
where n ≥ 67. Thus
When n ≥ 405, we get β(n) − β(3n/4) > 1, and for n < 405, we can immediately obtain the result by checking the 
. If OC(G) = OC(M), then G has a normal series 1 H K G such that H and G/K are π 1 -groups and K/H is a simple group. Moreover, the odd-order component of M is equal to an odd-order component of K/H. In particular, t(Γ (K/H)) ≥ 2. Also |G/H| divides | Aut(K/H)|, and in fact G/H ≤ Aut(K/H).
Proof. The first part of the lemma follows from the above lemmas since the prime graph of M has two prime graph components. For primes p and q, if K/H has an element of order pq, then G has one. Hence, by the definition of prime graph component, the odd-order component of G must be an odd-order component of K/H. Since K/H G/H and C G/H (K/H) = 1, we have |A n |, where n = 13, 14, 15; 12 |A n |;
, then we get a contradiction since for n = 13, 14 we have 3 6 | |G 2 (3)| but 3 6 |A n |. For n = 15, since | Out (G 2 (3) )| = 2, we have |H| = 1. Now we proceed similar to (2) Using Table 2 .1, we have
1. Now let p be a prime number less than p such that
, where 2p k ± 1 is a prime and 1 ≤ k ≤ s.
We know that p |A n |, hence k = 1. Now we proceed similar to (i);
and f = 2 c , Then p = q f + 1 and we have
Each factor of the form (q j ± 1) is less than or equal to p and therefore
Then |H| = 1 and we can proceed similar to (i);
. But if r = 6, then Aut(A r ) = S r , and hence | Out(A r )| = 2. If K/H A p , then |G/K| | 2, and hence |H| = 1. Now we get a contradiction similar to (i). Therefore, K/H A p+1 , and hence G A p+1 . If n = p + 2, we do similarly.
Step 3. For other primes p,
In fact the proof of this step is exactly similar to that of Step 2 and we omit it for convenience. Proof. Similar to the proof of Theorem 3.3, since G is a C pp group, we have K/H A n . Now using Lemma 3.2, we have
Hence, H ⊆ Z(G) = 1, which is a contradiction. Therefore, G/H S n , and since |G| = |S n |, we have G S n .
Some related results
Remark 4.1. It is a well known conjecture of J. G. Thompson that if G is a finite group with Z(G) = 1 and M is a non-abelian simple group satisfying
We can generalize this conjecture for the groups under discussion by our characterization of these groups. This conjecture is valid for sporadic simple groups [24] , groups of alternating type [27] , and some simple groups of Lie type [23, 25, 26] . As a consequence of Theorems 3.3 and 3.9, we prove a generalization of this conjecture for the groups under discussion. 
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